A prospective observational cohort study was conducted in 302 human immunodeficiency virus-infected patients who had a CD4 T-cell count <100 cells/µL and negative serum cryptococcal antigen initiating antiretroviral therapy in a resource-limited setting. During 2-year follow-up, there were no differences of survival rates and occurrences of newly diagnosed cryptococcosis between patients with and without fluconazole for primary prophylaxis of cryptococcosis.
Cryptococcosis is a common opportunistic infection and has become one of the leading causes of death among human immunodeficiency virus (HIV)-infected patients in resource-limited settings, particularly in Africa and Asia. Cryptococcosis causes 15%-20% of AIDS-related mortality in HIV-infected patients [1] . Although scaling up of antiretroviral therapy (ART) has resulted in significant reductions in morbidity and mortality in HIV-infected patients in resource-limited settings, cryptococcosis is still common due to the late presentation to healthcare providers of some HIV-infected patients [2] . Currently, the Infectious Diseases Society of America guidelines for cryptococcal diseases do not routinely recommend primary antifungal prophylaxis for cryptococcosis in HIV-infected patients in the United States due to the lack of survival benefits [3] . However, the role of primary prophylaxis for cryptococcosis has been different in resource-limited settings with limited ART availability and a high burden of cryptococcal diseases.
In 2003-2004, a multicenter, randomized, double-blind, placebo-controlled trial of primary prophylaxis for cryptococcosis in AIDS patients was conducted in Thailand and showed survival benefit [4] . In 2008, the World Health Organization (WHO) had recommended that antifungal prophylaxis with azoles should be considered for advanced symptomatic HIV-infected patients (WHO clinical stage 4 or CD4 T-cell count <100 cells/µL) in areas where cryptococcal disease is common [5] . Therefore, for almost a decade a primary prophylaxis for cryptococcosis has been recommended for HIV-infected patients with a CD4 count <100 cells/µL in Thailand and other developing countries due to the survival benefit and high prevalence of cryptococcosis [6] .
However, the previous study that showed survival benefit of primary prophylaxis for cryptococcosis was conducted prior to the scaling up of ART in Thailand [4] . In addition, the WHO recommendation in 2008 had stated that the level of evidences for primary prophylaxis in HIV-infected patients without ART was strong (C-I, optional -at least one randomized controlled trial with clinical or biological endpoints, or several relevant high-quality scientific studies), but for patients with ART it was weak (C-IV, optional -expert opinion based on evaluation of other evidence) [5] . To date, the relevance of survival benefit of primary prophylaxis for cryptococcosis in patients receiving ART is unclear. Therefore, this study aimed to determine the difference of survival and occurrence of cryptococcosis between HIV-infected patients with and without primary prophylaxis for cryptococcosis with fluconazole.
PATIENTS AND METHODS
A prospective observational cohort study was conducted among HIV-infected patients in an HIV clinic of a university hospital in Bangkok, Thailand. The study included HIV-infected patients who visited the HIV clinic between 2000 and 2015. Inclusion criteria were (1) age >15 years; (2) a CD4 count <100 cells/µL; (3) no previous diagnosis of cryptococcosis; and (4) negative serum cryptococcal antigen. Patients were excluded if they had a history of allergic reaction to a fluconazole, pregnancy, elevation of liver enzymes (aspartate aminotransferase or alanine aminotransferase >3 times the upper normal limit), or active liver disease, or had received fluconazole or other antifungal agents to treat any fungal infection, such as oral candidiasis, for >2 weeks. Primary prophylaxis with fluconazole was prescribed at the discretion of the attending physicians. Written informed consent was obtained from all study patients. The study was approved by the Committee on Human Rights Related to Research Involving Human Subjects, Faculty of Medicine Ramathibodi Hospital, Mahidol University.
Study patients were categorized into 2 groups: patients who received fluconazole 400 mg weekly for primary prophylaxis (fluconazole group) and those who did not receive fluconazole (control group). In the fluconazole group, the cohort started at the date of the initiation of fluconazole for the primary prophylaxis when the CD4 count was <100 cells/µL. In the control group, the cohort started at the date of first CD4 count <100 cells/µL. Baseline data included age, sex, underlying diseases, risk of HIV acquisition, duration of HIV infection, previous opportunistic infections, CD4 cell count, hepatitis B virus, and hepatitis C virus coinfections, and antiretroviral regimen. A 2-year follow up after the start of ART was observed in both groups. The new diagnosis of cryptococcosis and death from any cause were determined and compared between the 2 groups. The diagnosis of cryptococcosis was based on 1 or more of the following: positive serum cryptococcal antigen, positive India ink preparation, and positive culture for Cryptococcus neoformans. The primary endpoint was the mortality rate and the secondary endpoint was the new diagnosis of cryptococcosis. Based on at least 90% power to detect a difference in survival rates between the 2 groups with a ratio of 2:1 (fluconazole group:control group) and a 5% significance level, a total of 255 patients are required. This is the observed difference in a previous study of primary prophylaxis [4] . Adjusting for an anticipated dropout proportion of 18%, 302 patients are required overall.
For statistical analysis, categorical variables between the 2 groups were compared using χ 2 or Fisher exact test as appropriate. Continuous variables between the 2 groups were compared using Student t test and Mann-Whitney U test as appropriate. Kaplan-Meier analysis with the log-rank test was used to determine and compare the survival and probability to develop cryptococcosis between the 2 groups. All analysis was performed using SPSS software version 18.0 (IBM SPSS, Chicago, Illinois). A P value of <.05 was considered statistically significant.
RESULTS
A total of 302 patients (201 in the fluconazole group and 101 in the control group) were studied. Of all, 195 (64.6%) patients were men and the mean age was 37. Causes of death were sepsis and respiratory failure, not related to cryptococcosis.
undetectable HIV RNA (<40 copies/mL) at 1 and 2 years of ART, respectively (Table 1) . During a 2-year follow-up period, 1 patient in each group died (P = .619). Causes of death were sepsis and respiratory failure, not related to cryptococcosis. Five patients (2.5%) in the fluconazole group and 5 patients (5.0%) in the control group developed newly diagnosed cryptococcosis (P = .311; Table 1 ). Kaplan-Meier analysis showed that there was no difference of occurrence of cryptococcosis between the 2 groups (log-rank test, P = .221). Among 10 patients with cryptococcosis, the median time to develop cryptococcosis was 4.1 (IQR, 2.4-8.9) months after ART initiation: 3.5 (IQR, 2.2-11.7) months in the fluconazole group and 4.7 (IQR, 1.7-8.0) months in the control group (P = .690).
DISCUSSION
Primary prophylaxis for cryptococcosis in HIV-infected patients with CD4 counts <100 cells/µL has been widely used in resource-limited settings for almost a decade due to the survival benefit from the previous study [4] and the WHO recommendation [5] in the pre-ART era. After scaling up of ART in resource-limited settings, the benefits of this prophylaxis in patients receiving ART is unclear. In the situation that primary prophylaxis for cryptococcosis has no survival benefit, it could be outweighed by the risks. These include drug-drug interactions, induction of antifungal drug resistance, affected ART compliance, and costs. A previous study of drug-drug interaction showed that coadministration of nevirapine and fluconazole resulted in an increased trough plasma nevirapine level compared with the use of nevirapine alone [7] . A recent study also reported the emergence of fluconazole resistance in clinical isolates of Cryptococcus neoformans in Uganda, where primary prophylaxis with fluconazole has been used [8] .
The results from the present study have shown that there was no survival benefit from using fluconazole for primary prophylaxis of cryptococcosis in HIV-infected patients receiving ART, even though their CD4 counts were <100 cells/µL. In addition, the mortality rate of all patients was also much lower than that in the previous study [4] . This could be explained by the reasons that all patients in the present study had received ART. ART markedly reduced the mortality rate in HIV-infected patients who presented with cryptococcosis [9] . Furthermore, ART in patients who developed cryptococcosis was initiated at 4-6 weeks after starting antifungal therapy according to the Thai national guidelines established in 2008. A previous study has established that deferring ART for 5 weeks after the diagnosis of cryptococcal meningitis was associated with significantly improved survival, as compared with initiating ART at an earlier time [10] .
The results from the present study have also shown that there was no difference of the occurrence of newly diagnosed cryptococcosis between patients with and without primary prophylaxis. Again, this could be from the effect of immune restoration with ART. A recent study in West Africa has demonstrated that the incidence of cryptococcosis is decreasing when the use of ART is increasing in the region [11] . A prior randomized controlled trial study of primary prophylaxis for cryptococcosis by Parkes-Ratanshi and colleagues had shown that the risk of developing cryptococcosis was significantly higher in placebo group than in the fluconazole group [12] . This different finding could be explained by the fact that this prior study enrolled patients before starting ART while we enrolled patients who were initiated ART in the present study. In this prior study, only 85% of patients were started ART at a median of 11 weeks after enrollment, and most of the cases with cryptococcosis had occurred within the first few months. Importantly, this prior study had also demonstrated the same finding as the present studythat there was no survival benefit from primary prophylaxis for cryptococcosis.
There are some limitations to the present study. All study patients had received ART and negative serum cryptococcal antigen. The results may not be applicable for settings in which ART is not widely accessed and well sustained or where serum cryptococcal antigen could not be performed.
In conclusion, in settings where ART is widely available and HIV-infected patients who have CD4 counts <100 cells/µL are initiated on ART, primary prophylaxis for cryptococcosis with fluconazole has no survival benefit and may not be necessary. The recommendations in developing countries regarding this prophylaxis should be reconsidered.
